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INTRODUCTION 


Host gasolines and naphthas are mixtures of paraffin-series hydrocarbons 
nd comprise such substances as pentane, hexane, heptane, octane, and others 
2 to perhans dodecane, Many of these hydrocarbons, when mixed with the 
Tover proportions of air and ignited, are highly explosive, I:4 is due to 
nis characteristic that gasoline has become so important as a fuel in 
avernal~combustion engines, Gasoline and naphtha also are used in the indus- 
vy as solvents and cleanins agents, Because of their explosive properties 
ney are. dangerous to use unless the comosition is so chosen that the vapor 
ressure of the mixture is not high enough to »roduce explosive mixtures with 
lr at the tenmerature at which they are used, 


dydrocarbon mixtures may be made less liazardous by adding some incombus~ 
ible liquid, such as carbon tetrachloride, Barrier® reports the amount of 
arton tetrachloride that must be added to different navhthas to render such 
ixtures free from fire and explosion hazards, He found that the amount of 
arbon tetrachloride that must be present in the final mixture of naphtha and 
arbon tetrachloride varied with the density of the naphtha, Of the naphthas 
ested the amount of carbon tetrachloride necessary to render such mixtures 
“ee from fire and SyEEeeeeh pozarce ranged from JO to 70 percent, 


Determination: of- the fire and explosion hazards of carbon tetrackloride- 
virocarbon mixtures would be easy if the boiling points and vapor pressures 
the two were the same at any given temnerature, The fact that carbon 
etrachloride boils at 76° C, while the boiling points of the hydrocarbons 
cund in gasoline and navhtina may range from 37°, the boiling point of pentane, 
ee 5 a gga Se Sa a ee 
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to above 200° C,. (dodecane beils at 214,50 C.) comlicates deternination 52 
the fire and exnlosion hasarcs of such mixtures, If a mixture of ventane 
(boiling point, 570 ©.) and carton fetracuieride (boiling »oint, 769 C,) i: 
placed in an odcn container the constituent having tne higher vanor pressx 
evaporates more rapidly than tuat with a lower vanoxr pressure, s9 that tue 
vanor arising from the liquid siixtuze is not the same in composition as tx 
liquid mixture remainin;, ‘Wrerefore, tests at different periods of tine 
after the liavid has been exposed to tne atmosnhere will give different 
results, 3 7 _ 
Tests were mace to determine tie ovility of carbon tetrachloride 
hydrocarbon mixtures to form’fleamnoble mixtures wren completely vaporized 
and mixed with air, Glass explosion tubes 40 to 30 Sane and 3.0 to 4,) 
cm inside diameter were prenared. One end was sealed orf while the otner r: 
closed with « tight-fitting cork, Six or eight glass beads were oe 
the tube to facilitate mixing the gases and vapors, Mixtures of the sever: 
hydrocarbons-—pentaie, hexane, Hestane, octane, napntna, ane: Saselind-aiik. 
various amounts of carbon tetrachloride vere orenared and tested in these 
tubes for flamnability, Since vreliminary tests showed that 50 percent or 
more of carbon’ tetrachloride by volume must be present in the final ligquit 
mixtures to prevent explosions ‘when ‘mixed with air only such mixtures were 
tested, | " ; 
< The exolosion tubes ranged in canacity from 475 to 5-40 em?, Tyo or t= 
drops of the pure hydrocarbons gave flamuable mixtures when vaporized in t: 
tube, In testing any particular hydrocarbon-carbon tetraciloride mixture, | 
explosion tube. was .laced vertically with the open end at the top, The tu: 
vas purged of combustion products from a previous test by sweening out Vit. 
compressed air’ for 1 minute. Then? drops of the particular test mixture * 
drovped int» the tube from a l~cmS vinette, the tube was closed with the ce: 
stopper and the liquid vaporized by shaicing with the glass beads in the tut 
Complete va porization and mixing required 1 to 2 minutes, The tube was tc 
mounted in vertica! ily with the ‘sto pered end at the bottom. 


A test for flamniability was mace di a aapeened room by removing care? 
the stopper and passing the flame from an alcohol lamp across the open end: 
the tube, If the mixture were flaumable, fleme would pasa from the open &: 
through the tube. if 2 drons failed to produoe'a flammable mixture the a 
of liquid added was. increased and the test BED CRB a te. 


In testing the FlamAabilit: of hexane the: aeiiogine tests were made i: 
tube of 470 om? capacity: 


No. of: drons cdded to explosion tube Did f! flame propagate t trough mixto" 
L - | ‘Noe 
re) . | 106 
4, “Yes. 
8 Yes, 
10 Yes. 
11 Yes, 
le. ae Mo = burned at ‘open end only. 
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Tests with a mixture containing 50 nercent hexane and SO vercent carbon 
et vachloride gave the following results: 


No = of arovs added to exolosion tube Did flame nrovagate through mixture? 

Fe} NO. 

4 . No, ; 

6 No. | 
8 Green flame 2/3 way up tube, - 
9 Yes, 

12 Yese 

16 . Yes. 

20 ‘Yes. 

24  — Yes. 

20 NO. 


These tests showed that the 505) mixture of hexane and carbon tetra- 
<nloride produced flanmaole mixtures with air within. the, limits given avove, 
Similar tests were made with mixtures in which the vroportions of carbon 
vetrachloride were increased until ths resulting mixture twas not flammable 
regardless of the number of drops of liquid added to the exnlosion tube, © 


A summary of such tests with pentane, hexane, heotane, octane, one 
cemole of solvent nanhtha, and motor gasoline is given in table 1, Since 
~ae flarmable »roperties of navhthas and gasolines are due largely to the. 
nresence of hydrocarbons ranging from ocutane to octane tests were confined 
~argely to ti:se vure hydrocarbons, _ 


Table 1 shows that, with tne exception of the gasoline, there must be 
c&.7 to 70 percent carbon tetrachloride by volume present in the :nixture to 
>revent provagation of flame, For the zasoline tested there ust be at least 
oe nercent of carbon tetrachloride in the final mixture to vrevent propagation 
of flame, Less carbon tetrachloride is required for gasobine than for the 
pure hydrocarbons tested because avout 30 vercent of the gasoline had a boil- 
-rZ& doint above 1500 C., and consisted of hydrocarbons naving a molecular 
welgnt higher than octane, These hydrocarbons have low vepor pressures, and - 
‘vy Was impossible to vaporize them completely in the explodiun tube, | 


The results given in table 1 (with the exception of gasoline) represent | 


“omditions in which the mixtures were vaporized completely so that the'pro- 


29I™ } " ° e ° = b| 
s. bees in the original mixtures were the same as in the vanor arising from. 
red mix ure, a : ' 
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3 I.0, 6805 
To obtain information concernin; the fire hazard or combustibility of the 
iif erent hydrocarbons when mixed with carbon tetrachloride under conditions 
-i12%re tne liquid is placed in open storage the following tests were mades 
One cm’ of each test mixture given in table 1 was poured into a watch 
-la.ss and ignited with the f lame from a burning match, Notations were made 
1s to whether the mixture continued to burn efter the ignition source was re~ 
1ov7ed and, iz 89, how long, Tie results of these tests are given in table 2, 


| Pentane, wnich has a boiling point considerably below that of carbon 
,etrachloride, Durned with a steady flame, even when the mixture contained 75 
»ercent carbon tetracnloride by volume, due to the fact that the vavors arising 
‘rom the liquid contained a smaller proportion of carbon tetrachloride vapor 
nan the original mixture, 


For hexane, the mixture would not burn with a steady flame when the pro- 
1ortions of carbon tetrachloride exceeded avout 62,5 »ercent, Above tnis per- 
centage the :ixtures would burn only when the igniting flame was held just 
.320ve the surface of the liquid, For tne other hydrocarbons, the mixtures need 
sontain only 50 percent carbon tetrachloride to prevent steady burning of the 
-iquids, 


Some hycrocarbons having a low vapor pressure, such as dodecane, will not 
»roduce flammable mixtures when snaken with air and will not burn at tne 
Sual leboratury temmeratures when the liquid is placed in an oven container 
rdan ignition source brought in contact with the surface, However, if these 
~ydrocarbors +re spread out on material whereby they are subdivided into thin 
layers or particles (as, for examnle, on a wick), the hydrocarbons will burn 
ceadily when ignited, To investigate the burning hezards that might erise 
“nen hydrocarions are spilled on floors or on waste material the following 
tests 4cre mace; The various mixtures given in table 1 were tested for their 
ability to burn by Giosning one end of a 1/4-inch round asbestos wick 2.5 cm 
nto the liquid mixtures and then lighting the wick with the flame from a burn-~ 
ing match, Notations were made as to whether the mixture burned steadily on 
ne If the mixtures burned 5 secorids or longer after ignition the re- 
“e~ “S were recorded as "steady burning" and are so noted in table 3, If the 
uxtures only Durned from 1 to 2 seconds after ignition the results have been 


aes ry Momentary flame", and if they burned for less than 1 second as 
? en. 


eae £eneral, these tests showed tnat a higher vercentage of carbon tetra- 
— is required in the mixture to prevent burnin; on a wick than is re~ 
: to prevent burning in an open dish, 
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TABLE 2. — Burnin;: testa in open disa 


a Ss ce a oe afer 


| Boiling 
Hvdrocarbon Forma point, °C. 
Pentane CeHio BY/ Steady 
flame. 
Hexane CoH y 69 do. 
Yeptane CrEy 6 98 Momentary 
flame. 
Octane | CoH g 125 No 
flame. 
Napatha a ee | do. 
Gasoline: ‘2 en Momentary 
flame. . 


ee = ee ee ee 


* H.C. = Hydrocarbons. 
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3.0 CCl4 53.0 COly 
0.0 H.C.* 42.0 H.-S. 3/25 H.C. 


Steacy. 
flame, 


do. 


- Momentary 


flame. 


No 
flane, 


"doe 


Momentary 


flame. 


Steady 
flame. 


afo) 
flame. 


a“ 
2.0 
we eo 


) 


‘QC.6 


Momentary 
flame. 


_ AE AALS I: 


Percent by volume 


ES so EE. Es OE 


62.= CCl, 6%5 TC, 66.7 COly 70.0 CCl 75-0 CCly 
| 2 


es 


-O H.C. 


6. .O0 H.C. 


H.C. «3 H.C. 


Steady 
- flame. 


Steady 
flame. 


Steady 
flame. 


Steady 
flame. 


Burned for Momentary Momentary No 


about 1 flame. -flame,. flame. 
seconde a | 
No’ | No No do. 
flame. flame. flame. 
doe a Oe do. do. 
do. . Roe: . do. do. 
Homentary do. do. do. 
flame. | 
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fSeneral suumary of” the resvlis ‘obtained by the dit Sérent tests 1s 3 
in table 4 | : 


' 


aed) 


: ? 
' cf 


TADLS 4, ane sults showins emounts of ca eon e tetrachloride 
thot must be present. in ‘final mixture by vo lune 
‘to reider such mixtures nonflavabdle and ° 
nerpable of i porting combustion, verceht - 
| : 
Exnlosic ion-tube. tests Onen-Aish tests | Wiel tects 
Goa “of CCla that Asanunt of CG. that Taqunt or CCl, 
nast be present to ‘ mast be nresen St to must be oe 
prevent flawzbility «prevent burnin; in. : prevent ourniz 
Hydrocarbon with air s,s open containers _ o,. SOME MTs 
Pentane . 66,7 8) .0 | 79.9 
Hoxane - 99,0 63.5 | 66,7 
Eeptane 70,0 590.0 8,9 
Cctane 6667 - 2. “O 55060 2 36657 
Nanhtha MOBO. os | a WOO: 2 — 53,0 
Gasoline . BBO: = BOO 2. ie 225640 
COLNCLUSIONS . 


This investigation shows that to eliminate the fire.and exolosion hac 
of hydrocarbons ranging from hexane to octane the final mixtures rast conta: 
at least 70 percent (by volume of carbon tetrachloride, : 

Gasoline and navntha, since different brands. may vary pace 
should contain 70 perce of care tetreacnloride by volume in ee final = 
ture » 


Pentane-carbon tetracnloride mixtures must contain at least 80 perceny 
carbon tetracnloride to vrevent eeeLe in an open vessel, s 

Owing to the fact that the rate of evaporation of spoon Vereen 
ond the hydrocarbons may not be the same at a given temmerature, the recics 
hydrocarbon-carbon tetrachloride mixtures, if left in onen containeds, v1) 
change in conmosition over periods of time, tydrocarbons having a boiling 
point above trat of carbon tetrachloride will have higher nercentages 0: ay 
carbons in the residual mixture after being exposed in the open air ani 
eventueally may become flammable and canable of suyorting combustion, fcr 
this reason it will be necessary to add carbon tetrachloride from tine to ¢ 


to maintain its concentration sufficiently hizh to prevent Plarmability and 
burning. yO 
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